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Table S1. IR-absorption bands and assignments 

 Assignments 

Wavenumber (cm-1) Dried lipids Fixed lipids 

3340 

3300 

2926 

2853 

1735 

1724 

1695 

1644 

1639 

1558 

1448 

 

N-H group 

C-H asymmetric strecthing 

C-H symmetric strecthing 

 

C=O ester (from lipids) 

C=C alkene 

 

C=C alkene 

N-H group 

C-H alkane 

O-H group 

 

C-H asymmetric strecthing 

C-H symmetric strecthing 

C=O ester or aldehyde 

 

 

C=C alkene or C=N imine 

 

 

C-H alkane 
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Figure S1: Ultraviolet-visible (UV-VIS) spectra of LNTs (green), after metal plating (blue), after attachment of Au 

nanoparticles (AuNP) (red), and after attachment of AuNPs and the metal plating (yellow) in the inset.  

 

Control experiments for the metal plating process. To prove that Au nanowires in our 

system only form in the presence of aligned AuNPs on LNTs, we performed the metal plating 

on several control samples. UV-VIS spectroscopy was used for the characterization, because 

both AuNPs and Au nanowires present a characteristic plasmonic peak in absorption spectra.1-

3 First, LNTs without AuNPs show no clear absorption peak (green in Figure S1). When the 

metal plating was performed on these LNTs without AuNPs, the absorption spectra altered, yet 

no clear peak was observed (blue in Figure S1). On comparison, when AuNPs are attached to 

the LTNs, an absorption peak was observed at around 520 nm (red in Figure S1), which 

corresponds to the expected plasmonic peak from AuNPs.1-2 A further metal plating of these 

LNT-AuNP complexes present 100 times higher plasmonic peak from the grown Au nanowires 

(yellow in the inset of Figure S1). These results show that the metal plating is not successful 

unless the AuNPs are pre-deposited along the LNTs for catalyzing the reaction.   
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Figure S2: The optimization of the parameters for the metal plating. Transmission electron microscopy images, where the 

effect of (A) higher Au salt precursor concentration (29.4 mM), (B) longer metal plating incubation time (30 min instead of 5 

min), and performing metal plating (C) twice or (D) four times were studied. 

 

Optimization of the metal plating procedure. In the main manuscript we employed a metal 

plating method based on the previously-reported technique for growing thin gold films on 

poly(vinyl pyrollidone) platinum-loaded capsules.4-5 Here, we present our attempt in using 

another protocol (other reducing agents).6-7 which did not work well even after varying 

different parameters such as the use of a high Au salt precursor concentration (e.g. 29.4 mM, 
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Figure S2A), a longer metal plating incubation time (30 min instead of 5 min used in the main 

manuscript, Figure S2B), and performing metal plating multiple times consecutively at a lower 

Au salt precursor concentration (0.29 mM, two times,Figure S2C, and four times, Figure S2D, 

instead of once performed in the main manuscript), because the resulted Au structures were 

either disconnected (Figure S2B) or a significant background Au adsorption took place (Figure 

S2CD). We found that these failures were linked to a lack of the fast and efficient metal 

formation on the substrate and the excess formation of additional AuNPs in solution6, 8 that 

absorbed on the background. These results suggest that the choice of the reducing agent is a 

critical parameter for optimizing the protocol for our application.  
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Figure S3: Transmission electron microscopy images, where the effect of (A) the oxygen plasma treatment after the attachment 

of AuNPs for removing the organic template, (B) the subsequent metal plating, and (C, D) the effect of annealing on the formed 

Au nanowires were studied.  

 

The effect of the oxygen plasma treatment and the annealing on the samples. The effect 

of the oxygen-plasma treatment after the attachment of AuNPs (before metal plating) for 

removing the organic LNT template was studied. The oxygen plasma treatment successfully 

removed the LNT template without disturbing the alignment of the AuNPs (Figure S3A). 

However, metallization of these samples failed to connect the AuNPs into wires (Figure S3B), 
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mainly because these AuNPs without the LNT template easily detached from the substrate 

during the metal plating. In addition, we also studied the effect of annealing after the Au 

nanowires were formed. Previously, we have already recognized the difficulty in incorporating 

the annealing in the Au nanowire fabrication process due to the pearling effect because of the 

high surface tension of liquid gold.9 In general, the temperature at which this pearling effect 

takes place depends on the feature size of gold. In the present work, the annealing after the 

metal plating similarly induced the pearling that is difficult to control (Figure S3CD), thus was 

omitted in the final protocol. This also indicates that the final metal mesh structure has a 

thermal stability below a few hundred °C.  
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Figure S4: Bright field microscopy images of Au nanowire meshes with areas of (A) folded wires (B) and detached wires. (C) 

A scanning electron microscopy (SEM) image of a folded Au nanowire mesh on glass surface, where a zoom-in image 

indicated with a square is shown in (D).  

 

3D structures observed during the sample fabrication process. During the sample 

fabrication, we occasionally observed detachment and the re-adhesion of the final Au 

nanowires on the glass substrates. Sometimes, Au nanowires were folded, leaving an area 

without Au nanowires (Figure S4AC) or wrinkles Figure S4D). If samples are handled too 

violently, Au nanowires were complete detached (Figure S4B). These disturbance of the metal 
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mesh strongly affects the conductance, although if it is controlled such a metal mesh 3D 

structure may find its own application. 

 

Table S2. Material cost per 1 cm2 in USD 

 Material USD/cm2 

 Polymer 

Streptavidin 

Lipids 

AuNPs 

HAuCl4 

0.245 

0.002 

0.937 

0.004 

4.459 

 TOTAL 5.647 

Estimated average cost for the total sample preparation was calculated. The calculation is 

based on the concentration used per 1 cm2 and given in Table S2. The price can be reduced by 

10 times if we replace HAuCl4 with CuSO3. To test whether our LNT template approach also 

works with copper, we attempted different copper metal plating protocols, leaving the rest of 

the procedure the same as the one described in the manuscript.  
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Figure S5: AFM images of AuNP coated LNTs before (A) and after (B) copper plating at basic pH and AuNPs attached to 

PLLgPEG before (C) and after (D) copper plating under basic pH described in the text as Protocol 1. Corresponding cross 

sections are all taken at the white lines indicated in each image.   

 

Protocol 1: Copper can be reduced to metal from copper sulphate with formaldehyde under 

basic conditions at pH around 12. This method has been shown to work in various papers to 
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grow wires using DNA and rod like viruses as templates with palladium as catalyst for seeding 

in most cases.10-11 However, this method could not be adopted to our samples as the basic 

condition deprotonated amine group of PLL, and as a result PLL lost positive charge to hold 

the wires to the negatively-charged glass substrates (see the above Figure S5). The above 

Figure S5 A and B in protocol 1 show fixed and dried LNTs with AuNPs before and after 

copper plating at pH 12. The LNTs are destroyed during the plating process. Figure S5 C and 

D in protocol 1 show AuNPs directly attached on the PLLgPEG-Biotin before and after copper 

plating at pH 12. This is a control to show that it is in fact the polymer layer that is detached at 

pH 12. 

 

 

Figure S6: AFM images of AuNP coated LNTs before (A) and after (B) copper plating following Protocol 2. Corresponding 

cross sections are taken at the white lines indicated in each image.  

 

Protocol 2: We attempted to use sodium borohydride as reducing agent with copper chloride 

(2:1 ratio) at neutral pH and we have obtained some preliminary results showing slight gold 
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nanoparticles grew after the metal plating (Protocol 2 in Figure S6 A and B).  The protocol was 

adopted from the ones for the synthesis of copper nanoparticles12, yet further optimization is 

required to connect the particles into wires. 

 

Figure S7: Different thicknesses of sputtered gold on glass surfaces and their corresponding transparency 

 

Correlation between transparency and thickness of gold film sputtered on glass 

substrates show that there is a decrease in transparency with decreasing film height. 

Different thicknesses of gold was sputtered on glass substrates and transparency was 

determined with UV-VIS spectrometry. Heights were determined with AFM by scratching the 

surface to see the difference between the glass and the gold film.  
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